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FOREWORD

This report on the Design Approval Testing of the
Gemini 25-pound-thrust 0AMS thrust chamber assembly
P/N 208160-61 was prepared for the McDonnell
Aircraft Corporation in accordance with the require-
ments of Purchase Order Y20161R. .

ABSTRACT

The Design Approval Test program conducted on the
Gemini 25-pound-thrust 0AMS thrust chamber assembly
js described. Test data, photographs of test

equipment, and test summaries are included.’
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INTRODUCTION AND SUMMARY

The Design Approval Test pfogram for the Gemini 25-pound-thrust, Orbit
Attitude and Maneuver System (0QAMS) Thrust Chamber Assembly (TCA) was
conducted in compliance with McDomnell Aircraft Corporation Purchase
Order Y20161R.

The objective of the Design Approval Test (DAT) program was to demonstrate
compliance of the 25-pound-thrust 0AMS TCA with the requirements of
McDonnell Aircraft Corporation Specification Control Drawing 52-52701

by conducting a planned series of environmental and operating tests on
three Thrust Chamber Assemblies. These TCA's were designated as Units 1,

2, and 3 for purposes of idenfification during the program.

Each of the three test units was subjected to all of the tests as required
by the test specification and each demonstrated compliance with all test

specification requiremenfs except as indicated below.

During the Mission‘Duty Cycle tests conducted on Units 1 and 3, the
throat station shell temperatures exceeded the specification limiﬁ of
550 F. These failures were reported in OFR (FAR) 12917R and OFR (FAR)
12954R (Appendix B), respectively. In no case was there any performance
degradation or incipient mechanical failure observed. Each TCA success—

fully completed the Mission Duty Cycle test.

During the propellaﬁt resistance test conducted on the propellant valves
from ﬁnit 1, the oxidizer valve failed to open. This failure was reported
in OFR (FAR) 12895R'(Appendix B). Failure analysis revealed the failure
was the result of a test facility electrical wiring problem and that tle

valve was operating properly.




During a facility checkout test conducted as part of the impulse-signal
width test on Unit 2, the oxidizer valve opened approximately 15 milli-
seconds after the fuel valve opened. This failure was reported in OFR
(FAR) 32656R (Appendix B). Failure analysis revealed corrosion and con-
tamination of the oxidizer valve armature and bore as a result of
inadequacies in the decontamination procedure. The decontamination pro-
"cedure used during subsequent DAT TCA testing was revised to prevent a

recurrence of this failure.

During the low-temperature (15 F) impulse-signal width test conducted on
Unit 2, the oxidizer propellant valve failed to open. This failure was
reported in OFR (FAR) 12924R (Appendix B). Failure analysis revealed
the failure to have been caused by frozen propellant resulting from
inadeduately controlled envifonmental temperature. = The test was sub-

sequently satisfactorily completed on this unit,

A thorough evaluation of the performance charaéteristics of the 25-pound -
thrust OAMS TCA was conducted prior to initiation of the DAT program and
continued as additional data were generated during the program. The
results of this evaluation indicated that the,perfbrmancg of the TCA

did not conform to the specification requirements relative to the shut-
down time requirement (7 milliseconds maximum from off signal to -

2 percent of thrust) and the specific impulse requirement at the minimum

impulse pulse (235 seconds minimum at a 0.25 lb-sec impulse).

As a result of this evaluation, Engineering Change Notice ECN-NA-SE7-
289R1 was submittéd to the customer by Rocketdyne recommending that the
TCA shutdown requirement be changed from a maximum shutdown time to a
maximum shutdown impulse and proposing a maximum shutdown impulse of
0.26 1b-gsec. Shutdown impulse is the only significant measurable

parameter which describes the shutdown performance of a TCA.

2 : ' R-15019-2
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The recommendation relative to the revision of this requirement is

‘incorporated in Appendix D of this DAT report. All pages reflecting

this change are appropriately identified. Units 1, 2, and 3 all exhibited

performance within this requirement.

The pulse'specific impulse of this TCA as demonstrated during tests

conducted pridr to and during the DAT program does not conform to the

-specification requirements. However, the specification requires that

the pulse specific impulse be demonstrated at the minimum impulse pulse
(0.25 lb-sec). Operating the TCA in a pulse mode consisting of pulses
of the magnitude of the minimum impulse pulse is not representative of
the pulse mode operation anticipated during flight. Mission duty cycle
test requirements for the 25-pound-thrust 0AMS TCA (MAC MDC 0CA-113),
which represented the bestiestimate of expected TCA mission operating
requirements, indicate that all of the required TCA pulses which provide
an impulse of less than 1.0 lb-sec contribute ohly_approximately 12
percent of the TCA MDC burn time to guaranteed life. The TCA specific
impulse for the longer duration'pulses is considerably higher than that
for the shorter, 0.25 lb-sec impulse pulses, because of the geometry

of the TCA injector and propellant valve to injector feed tubes. -The
electrical signal width-specific impulse characteristics fof.this TCA
are as shown on‘page 357 (Appendix D). This TCA pefformance data was

obtained using the most advanced instrumentation of this type available.

It is therefore concluded that compliance of the 25-pound-thrust QAMS
Thrust Chamber Assembly with specification requirements was demonstrated
to the extent necessary to satisfy mission objectives by the Design

Approval Test program.

R-15019-2 ) _ 3
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DESCRIPTION OF 25-POUND-THRUST OAMS THRUST
CHAMBER ASSEMBLY P/N 208160-61

The SE-7 25-pound-thrust Orbit Attitude and Maneuver System (0AMS) Thrust
Chamber Assembly (TCA) is a storable liquid, bipropellant, pressure-fed,
ablation-cooled assembly (Fig. 1 and 2). Eight TCA's of this configura-—
tion are used in the Orbit Attitude and Maneuver System for pitch, yaw,

and roll control of the Gemini spacecraft while in earth ofbit. Thrust
level and propellant mixture ratio are controlled by fixed orifices located
at the propellant valve inlets. The propellants used are nitrogen tetroxide
(NTO) as the oxidizer and monomethylhydrazine (MMH) as the fuel.

The thrust chamber core is made in two segments: +the combustion zone
segment and the nozzle segment. The combustion zone segment is fabricated
from 90-degree—oriented (perpendicular to the TCA centerliﬂe) resin-—
impregnated, high-silica ablative material. The nozzle segment is fabri-
cated from zero-degree-oriented (parallel to the TCA centeriine), resin—
impregnated, high-silica ablative material, In éddition, the thrust chamber
core is wrapped with a layer of phenolic—bohded asbeétoé fiber to provide
additional sealing capabilities. The bond line between the combustion
chamber segment and the nozzle segment is located in a low-pressure, low-

stress area aft of the throat insert,

Structural support for the thrust chamber body assembly is provided by
layers of high-femperature; high-strength glass cloth and filament-wound
glass roving bonded by phenolic resin, Additional layers of glass roving
provide added strength in the injector attachment and throat areas., The
combustion chamber of the TCA contains a seven-piece segmented JTA graphite

liner "backed up" by a zero-degree ablative material sleeve, A throat

R~15019-2 | | 5
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insert of solid silicon carbide is used to resist the erosive effects of
the high-temperature combustion gases., The thrust chamber body assembly
is encased in a stainless—steel shell to provide structural attachment

‘between the thrust chamber and the spacecraft.

The thrust chamber injector is fabricated from stainless steel, The
injector incorporates four pairs of unlike doublets which impinge on a

splash plate providing propellant mixing for high combustion efficiency.

TCA operation is controlled by two fast-acting, electrically operated,
solenoid propellant valves (Fig. 3). These valves are attached to a
mounting bracket which is in turn attached to the injector plate. The
basic propellant valve design embodies a hermetically sealed solenoid.
Valve sealing is accomplished through the use of a precision ground'ball,
attacﬁed to the armature, which engages a Teflon seat in the closed posi-~
tion. A metal stop below the Teflon seat is incorporated to limit the
armature stroke. Closing is accomplished through the use of.a spring,
and scaling force is obtained from the spring and the pressure of pro-

pellant acting on the ball.

The physical and performancé data for this TCA are presented in Table 1.

8 ‘ R-15019-2

ROCKETDYNE . A DIVISION OF NORTH AMERICAN AVIATION, INC.

R




JT3UmWAYDIS 3ATBA FweT9doxd VDI SWYD 3snayl-punod—Gg ¢ 2andrg -

ICIND R} FUNIVIV
HIJVAS @ YIATWUVD

i

Z2 <

(ZL

NBARRAAA Y

YILTII

|

SRS <

(NOTLAL) IvEs
YINIVIGT .
JONVIL % IaMove

Gl G By BN N BN BU SN By BV MW PN BY ®? B3 3 ED

R-15019-2




TABLE 1

25-POUND-THRUST QAMS'TCA P/N 208160-61
 PHYSICAL AND PERFORMANCE DATA

Compliance of the Gemini 25-pound-thrust 0AMS TCA P/N 208160-61 with the
following physical and Performance requirements has been verified by
design approval tests,

Physical Data

Envelope, inches . - ' overall dimensions:
length 10.9,
forward OD 2.83, and

» aft 0D 2,83
Weight, Nominal, pounds 3.02-
Compatibility . Nitrogen tetroxide and
' monomethylhydrazine

Materials '

Valve parts, Internal Exposed CRES and Teflon

Injector ' . Type 321 CRES

Thrust Chamber Core Ablative and ceramic

Structural Shell and Brackets Type 321 CRES
Performance Data

Propellants ’ nitrogen tetroxide

(oxidizer) and
monomethylhydrazine (fuel)

Thrust, Vacuum, Rated, pounds 23.0

Chamber Pressure, Nominal, psia 132
Mixture Ratio, Rated, o/f ©1.30 '
Specific Impulse Classified (see page 11 )
Start time, Maximum, milliseconds 25

10 R~15019-2
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TABLE 1

(Continued)

Specif'ic Impulse, Nominal, seconds* 259

%Classified Parameter
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TABLE 1

(Concluded)

Performance Data
Shutdown Impulse, Maximum, lb-sec
Oxidizer Inlet Pressure, Rated, psia
Fuel Inlet Pressure, Rated, psia

Life, Specification Performance, MAC
Mission Duty Cycle OCA 113, seconds

Life, Guaranteed MAC Mission Duty
Cycle OCA 113, seconds

Propellant Valve Service L1fe,
Cycles 1

Propellant Valve Voltage, Nominal,
vde

Propellant Valve Current, Nominal,
amps

Environmental Temperature Range,
Operating, F

Environmental Temperature Shock
Range, Nonoperating, F

Vibration Level Random, g

Shock Level (in shipping container), g

Proof Pressure, psig

A DIVISION OF NORTH AMERICAN AVIATION, INC.

0.260
292

‘292

118

160
50,000
26,0~
0.619

15 to 200

~40 F to +185
7.5

15 for 11 milliseconds

392

(1) This requirement was verified using a 25-pound-thrust RCS DAT TCA

as reported in Rocketdyne Report R-15019-2, Volume II, Boolk 1

R-15019-2
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TEST PROGRAM
TEST SEQUENCE

TCA Units 1, 2, and 3 were subjected to the tests outlined below in the

order listed.

ll‘l' Tnit 1

1. Visual Inspection

a, Component Modification

Vibration Test
a. Propellant Valve Proof Pressure and Leakage

R N
w

b. Thrust Chamber Proof Pressure and Leakage
c. Propellant Valve Electrical Resistané;

d. Propellant'Vhlve Dielectric Strength

e. Propellant Valve Functional

E3 E3 B2 u8 0N 0 N B m =8

3. Mechanical Shock Test
a. Propellant Valve Proof Pressure and Leakage
b. Thrust Chamber Proof Pressure and Leakage

c. Propellant Valve Electrical Resistance
d. Propellant Valve Dielectric Strength
e. Propellant Valve Functional

F

Mission Duty Cycle to Failure Test
5. Disassembly and Inspection (Thrust Chamber Only)

6. Explosive Atmosphere Test (Propellant Valves Only)
a. Propellant Valve Proof Pressure and Leakage
b, Propellant Valve Electrical Resistance
c. Propellant Valve Dielectric Strength
&. Propellant Valve Functional

R-15019-2 - _ 15
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7. Fuel and Oxidizer Resistance Test (Propellant Valves Oniy)
a, Propellant Valve Electrical Resistance |
b. -Propellant Valve Functional
c. Prdpellant Valve Dielectric Strength

d. Propellant Valve Proof Pressure and Leakage
e, Propellant Valve Load Analysis

8. Disassembly and Inspection (Propellant Valves Only)

1, Visual Inspection

a, Component Modification

2. Temperature Shock Test
a, Propellént Valve Proof Pressure and Leakage
b. Thrust Chamber Proof Pressure and Leakage
c. Propellant Valve Electrical Resistance
d. Propellant Valve Dielectric Strength
e, Propellant Valve Functional .

3. Impulse-Signal Width Test
4, Mission Duty Cycle to Guaranteed Life Test (160 Seconds)

5.  Disassembly and Imspection

1. Visual Inspection

a, Component Modification

£ 3 8 &8 ) 05 50 SN O B N =B R e
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2. Mission Duty Cycle to In-Specification Life (118 Seconds) and

Hot-Fire Burst Pressure Test
3. Disassembly and Imspection
TEST UNIT IDENTIFICATION P/N 208160-61
1. Unit 1, S/N 4058233

2. Unit 2, S/N 4058232
3. Unit 3, S/N 4057532

TEST DESCRIPTION AND RESULTS,-UNIT 1
VISUAL INSPECTION :

Descrigtion

Unit 1 -was inspected to ensure that it was of the proper configuration,
was undamaged, and had been subjected to and passed an acceptance test
per Rocketdyne Specification RA0220-354.

Following the visual inspection, Unit 1 was modified by the addition of
simulated spacecraft system tube extensions (P/N 99-10669%4 and P/N 99—
106695) to the existing fuel and oxidizer inlet tube stubs. Installation

of the tube extensions was accomplished per Rocketdyne Specification
RA0607-009, "In Place Brazing of Tubes and Fittings for Space Engines,"

Results

The visual inspection was successfully completed.

R-15019~2 ‘ ‘ 17




VIBRATION TEST

Description

Unit 1 was subjected to random vibration testing along each of the three
mutually perpendicular axes. The random vibration time for each axis was
8 minutes less the equalization time required to verify spectrum shape
and tolerance. The maximum-allowable equalization time was 20 percent

of the vibration time for each axis.

Prior to the start of the random vibration testing in each axis, a sine-
wave survey (l-g pakimum peak, logarithmic sweep from 5 to 2000 cps in

5 minutes) was conducted to calibrate the input and output accelerometers.

During the vibration test, the TCA was mounted in MAC-supplied spacecraft

bracketry, which in turn’was mounted in a rigid test fixture.

The random vibratidn test ﬁas at an overall equivalent level of 7.5 g rms.
The vibration frequency was varied from 20 to 2000 cps. The vibration

spectrum was as follows:

1. 0,02 to 0.12 g2/cps from 20 to 100 cps
2. 0.2 g2/cps from 100 to 300 cps
3. 0.12 to 0.01 g2/cps from 300 to ‘600 cps

%, 0.01 g2/cps from 600 to 2000 cps
Propellant valve leakage and functional tests and thrust chamber proof-

pressure and leakage tests were conducted following the completion of

the vibration testing.

18 "~ R-15019-2
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Results

The vibration test was successfully completed.

MECHANICAL SHOCK TEST

’

In preparation for the mechanical shock test on Unit 1, the simulated
spacecraft system tube extensions were replaced by inlet tube adapters
(P/N 99-106126-11), Installation of the adapters was accomplished per
Rocketdyne Specification RAD607-009, "In-Place Brazing of Tubes and
Fittings for Space Engines,"

Description

Unit 1 was installed in a standard Rocketdyné shipping container and was
subjected to three shocks in each direction along each of the three mutually
perpendicular axes for a total of 18 shocks. The shocks were of 15 g

magnitude and 1l-millisecond duration.
Following the mechanical shock testing, propellant valve leakage and

functional tests and thrust chamber proof pressure and leakage tests

were conducted.

Results

The mechanical shock test was successfully completed.
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MISSION DUTY CYCLE TO FAILURE TEST

Description

Unit 1 was installed in the hot—fire test facility and was subjected to

. & Mission Duty Cycle Test (MAC MDC 0CA-113) to failure, The first portion
of the MDC was a "cape firing cycle" conducted at local ambient tempera-
ture and pressure, after which the TCA was allowed to return to local
ambient temperature. The second portion of the MDC comsisted of operating
the TCA as described in Table.II, page 428 (Appendix D) to failure, This
MDC was conducted at a simulated altitude in excess of 100,000 feet and

at local ambient temperature,

Results

The Mission Duty Cycle to failure test was successfully completed; how-
ever, the TCA shell temperatures exceedéd the specification limit of 550 F
by 50 f,after 118 seconds of mission duty cycle burn time. The test was
continued because it was believed that the MDC test results and the sub-
sequent shell temperature failure analysis would not be comprised. This
judgement was verified by the test results. The TCA completed the MDC
with no performance degradation or incipient mechanical failu?e. The
failure was reported -in OFR (FAR) 12917R (Appendix B).

20 : - R-15019-2
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EXPLOSIVE ATMOSPHERE TEST

DescriEtion

The propellant valves were removed from Unit 1, installed in special test
fixtures; placed in an explosive atmosphere test chamber, and exposed to
an environmental temperature of 160 F. A potentially explosive atmosphere
was created in the test chamber by the introduction of a butane gas-air,
mixture. The valves were then actuated at several simulated pressure
altitudes between sea level and 50,000 feet., For each required pressure
altitude, the valves were actuated as follows: ten actuations at a
pressure altitude 5000 feet above the required level, then one actuation
at each of 10 equally spaced pressure altitudes down to 5000 feet below
the required pressure altitude except at sea level (no tests were con-
ducted at pressure altitudes below sea level), Thé valves were energized
with 26 vdc for 10 seconds during each actuation to demonstrate the ability
to actuate without igniting the explosive atmosphere. Prior to the first
and after the final actuation, a sample of gas from the chamber was re-
moved and spark ignited to demomnstrate combustibility. Prior to and
following the explosive atmosphere test, propellant valve leakage and

functional tests were performed.

Results

The explosive atmosphere test was successfully completed.
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FUEL AND OXIDIZER RESISTANCE TEST

Description

The propellant valves were installed in special test fixtures, installed
in the propellant resistance test facility, filled with the respective
propellants [fuel (MMH) and oxidizer (NTO)] and temperature conditioned
to 160 F, The valves were fhen to be exposed to propellant for a period
of 2 weeks (336 honrs). During this time, the valves were to have been
actuated three times daily at equally spaced intervals with oscillograph
recordings being made to verify proper valve operation. Leakage and
functional tests were conducted on the valves following the propellant

exposure period,

Results

After the fuel valve had been exposed to propellant for 1-1/2 days, a
leak was noted in the test facility propellant system. This leak was
found to be caused by the use of a noncompatible seal, Since this pre-
sented the possibility of contamination of the valve, the valve was
removed, flushed, and functionally tested, the test facility was equip-
ped with the proper seals, and the propellant exposure test was restarted
with test exposure time revérfing to zero as authorized by Rocketdyne

~ Internal Letter 4388-5219 (page 292, Appendix D). The fuel resistance

test was then suécessfully.completed.

After the oxidizer valve had been exposed to propellant for 1-1/2 days,

the valve failed to open during a scheduled actuation. This failure was

ieported to OFR (FAR) 12895R (Appendix B). During a subsequent functional -
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test conducted as part of the failure analysis, the valve operated normally,
The test facility electrical wiring was then checked and was found to have
a short circuit which prevehted the electrical signal from reaching the
propellant valve. Propellant valve functional tests were then performed

to verify normal operation, the facility was repaired, and the propellant
exposurevtest was restarted with test exposure time reverting to zZero, as
authorized by Rocketdyne Internal Letter 4388-5239 (page 295, Appendix D).

The oxidizer resistance test was then successfully completed.

DISASSEMBLY AND INSPECTION

DescriEtion

Unit 1 was visually inspected for any defects, damage, or abnormal wear.

The disassembly consisted of: '(1) sectioning the propellant valves at

the fabrication welds, (2) disassembly of the propellant valve internal
parts, and (3) sectioning the thrust chamber body. The propellant valve
parts and thrust chamber sections were visually inspected to determine

the internal condition. A record was made of the pertinent items, Follow-
ing the normal disassembly and inspection, the thrust chamber body was
sectioned into quarter segments for further study as authorized by Rocketdyne
Internal Letter 4388-5234 (page 258, Appendix D).

Results

The predisassembly inspection of Unit 1 revealed slight ablative material
separation in the nozzle, The postdisassembly inspection revealed ablative
material separation in the combustion zone and that the char front extended

into the asbestos tape wrap.
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TEST DESCRIPTION AND RESULTS, UNIT 2
VISUAL INSPECTION

Description

Unit 2 was inspected to ensure that it was of the proper configuration,
wvas undamaged, and had been subjected to and passed an acceptance test
per Rocketdyne Specification RA0220-354, '

Following the visual inspection, Unit 2 was modified by the addition of
propellant valve inlet tube adapters (P/N 99-106126-11) to the existing
oxidizer and fuel inlet tube stubs., Installation of the adapters was

accomplished éer Rocketdyne Specification RA0607-009; "In-Place Brazing
of Tubes and Fittings for Space Engine,"

Results

Visual inspection was succeésfully completed.

TEMPERATURE SHOCK TEST

Description

Unit 2 was placed in a temperature-controlled chamber and exposed to a

temperature of 185 F for a period of 4 hours, It was then transferred, .

within 5 minutes, to a second temperature-contrtlled chamber where it

was exposed to a temperature of -40 F for 4 hours, This was repeated
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until a total of three heating and three cooling cycles were accumulated.
The TCA was then allowed to return to room temperature and within 1 hour
thereafter was subjected to propellant valve leakage and functional tests

and a thrust chamber proof pressure and leakage test.

Results

The temperature shock test was successfully completed.

IMPULSE-SIGNAL WIDTH TEST

Description

Unit 2 was installed in the hot-fire test facility and was subjected to

an impulse-signal width test series, The tests in this series were con—
ducted at a simulated pressure altitude in -excess of 100,000 feet and
environmental temperatures_as.indicated below. The first portion of the
series consisted of pulse-width survey tests consisting of 20 pulses each
at electrical signalldurations of 11, 15, 20, 30, 50; and 100 milliseconds.
The pulse periodlin each case was a minimun of 3 seconds. A 2,5-second
steady-state test for performance verification followed the pulses. The
data were then reduced to determine the electrical signal width required

for an impulse bit of 0,25 lb-sec total impulse,
The second portion of the series consisted of pulse repeatability tests.

These tests were to be conducted with the propellants and the TCA injector

conditioned to temperatures of local ambient, 160 F, and 20 F,

R~15019-2 _ 25




h‘ﬁt& ROCKETDYNE . A'DIVISION OF NORTH AMERICAN AVIATION, INC.

The pulse-repeatibility fesf conducted at each temperature consisted of
20 pulses each using propellant valve control voltages of 22, 26, and
30 vdc, and the pulse-signal width determined by the pulse-width survey
tests. The pulse period in each case was a minimm of 3 seconds. In
addition, along with each pulse repeatability test at each temperature,
- & 2,5-second steady-state firing was to be conducted to verify TCA per-

formance and satisfactory instrumentation operation.

Results

The first attempt to condu@t the pulse~width survey tests was terminated
as a result of problems encountered with the test facility propellant

feed systems,- Following correction of the test facility problem, the
pulse-width surveyltests were répeated as authorized by Rocketdyne Internal
Letter 4388-5299 (page 343, Appendix D).

The second attempt at the pulse-width survey tests was terminated as the
result of a propellant valve electrical control system problem. The
pulse—width survey tests were repeated again after correcting the electri-
cal control system problem aﬁd were then successfully completed. The
ambient temperature pulse repeatability test was also suécessfully

completed,

The first attempt to conduct the hot mode pulse repeatability test was

terminated as a result of'problenm encountered with the ﬁest facility
environmental témperature conditioning system., Prior to the second

. attempt to conduct the hot mode repeatability test, a test facility veri-

" fication test was conducted as authorized by Rocketdyme Internal Letter

4388-5309 (page 341, Appendix D). The oxidizer valve opened slowly'on
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the first pulse of this test., This failure was reported in OFR (FAR)
32656R (Appendix B), Subéequent timing checks conducted as a part of
the failure analysis indicated that the valve was operating properly,
The unit was then resubmitted to the hot mode pulse repeatability test
as authorized by Rocketdyne Internal Letter 5388-626 (page 349 , Appendix D),
The hot mode pulse repeafability test was successfully completed.

The first two attempts to conduct the cold mode pulse repeatability test
were terminated because of test facility environmental temperature con-
ditioning system problems resulting in freezing of the oxidizder. Prior
to the third attempt, the DAI specification was revised to change the
cold mode temperature requirement from 15 t5 F to 20 ¥5 F. During the
third attempt to conduct the cold mode pulse repeatability test the oxi-
dizer valve operated sluggishly. This failure was reported in OFR (FAR)
12924R (Appendix B). .This failure was also traced to problems with test
facility temperature coﬁditioning system., Prior to the fourth attempt
to conduct the test, the temperature conditioning system was modified

to improve the temperature control capabilities, The cold mode pulse

repeatability test was then successfully completed.

MISSION DUTY CYCLE TO GUARANTEED LIFE TEST (160 SECONDS)

Description

Unit 2 was installed in the hot-fire test facility and was subjected to a
Mission Duty Cycle test to guaranteed life .(MAC MDC 0CA-113) (160 seconds).
The first portion of the MDC consisted of a "cape firing cycle" conducted
at local ambient pressure and temperature conllitions after which the TCA -
was allowed to return to local ambient temperature. The second portion

of the test consisted of operating the TCA as described in Table II,

bpage 428 (Appendix D), up to 160 seconds of burn time.
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Results

‘The mission duty cycle test to guaranteed life test was successfully

completed.

" DISASSEMBLY AND INSPECTION

Descrigtion

Unit 2 was visually inspected for any defects, damage, or abnormal wear,
The disassembly consisted of: (1) removal of the propellant valves, (2)
sectioning the propellant valves at the fabrication welds, (3) disassembly
of thé propellant valve internal parts, and ¢.) sectioning the thrust

chamber body. A record was made of the pertinent items.

Results

The predisassembly inspection of Unit 2 revealed the following: (1)
ablative material separation in the nozzle approximately 1 inch downstream
of the throat insert, and (2) the first JTA graphite liner segment up-

stream of the throat was cracked two places.
The postdisassembly inspectibn revealed: (1) ablative material separation

in the combustion zone, (2) three cracks in the throat insert, and (3)

ablative material delaminations in the nozzle.
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TEST DESCRIPTION AND_RESULTS, UNIT 3

VISUAL INSPECTION TEST

DescriBtion

Unit 3 was inspected to ensure that it was of the proper configuration,
was undamaged, and had been subjected to and passed an acceptance test
per Rocketdyne Specification RA0220-354,

The unit Qas then modified by the installation of propellant valve inlet
adapters (P/N 99-106126-11) to the existing fuel and oxidizer inlet tube
stubs, Installation of the édapters was accomplished per Rocketdyne
Specification RA0607-009, "In-Place Brazing of Tubes and Fittings for
Space Engines.". .

Results

The visual inspection was successfully completed.

MISSION DUTY CYCLE TO IN SPECIFICATION LIFE (118 SECONDS )
AND HOT-FIRE BURST PRESSURE TEST

Description

Prior to the mission duty cycle test, Unit 3 was reworked by removing'the
propellant metering orifices. The Unit was then installed in the hot-
fire test facility, and the propellant metering orifices were installed
in the test facility propellant feed systems so that ﬁhe propellant could
be allowed to flow through the orifices during the MDC test and later

bypass the orifices during the hot-fire burst pressure test.
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The first portion of the MDC was a "cape firing cycle" conducted at
local ambient pressure aqd'temperature, after which the TCA was allowed
to return to local ambient temperature. The second portion of *the MDC
consisted of operating the TCA as described in Table II, (page 428
Appendix D) wup to 117 seconds of burn time.

During the temperature "soakout" period following the MDC, the propel-
lant tank pressures were raised to 750 psig and the orifice bypass valves
were opened, After all TCA shell temperatures had peaked and dropped

5 F, a 3-second steady-state burst pressure test was conducted.

Results

The MDC to in specification life and hot-fire burst pressure test was
successfully completed; however, the throat station shell temperature
exceeded the allowable temperature of 550 F by 100 F after 118 seconds
of burn time. The test was continued because it was believed that the
test results and the subsequent shell temperature failure analysis
would not be compromised. This judgement was verified by the test
 results. This failure was reported in OFR (FAR) 12954 (Appendix B).

A chamber pressure of 320 psia was obtained during the hot-fire burst

‘pressure test.

| DISASSEMBLY AND INSPECTION

Description ' '

Unit 3 was visually inspected fof‘any defects, damage, or abnormal wear.

A record was made of pertinent items of condition visible prior to
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disassembly. The disassembly consisted of: (1) removal of the propel-
lant valves, (2) sectioning the propellant valves at the fabrication
welds, (3)‘disassemb1y of the propellant valve internal parts, and

(%) sectioning the throat chamber body. The propellant valve parts and
chamber sections were visually inspected to determine internal condition.
A record was made of the pertinent items.

Results

The predisassembly inspection of Unit 3 revealed the following: (1) de-
laminations of the nozzle ablative material, (2) thermal discoloration
of the stainless-steel shell, and (3) erosion of the threat and combus-

tion zone liners.

The postdisassembly inspection revealed: (1) delaminations of the
combustion zone ablative material, (2) a 360-degree circumferential crack
in the throat insert, and (3) the ablative material in the combustion

zone was charred out to the_ésbestos tape wrap.-
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APPENDIX A

PHOTOGRAPHS OF TESTS AND TEST EQUIPMENT
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Figure 14. 25-Pound-Thrust OAMS TCA DAT Unit 2 Post-MDC to

: Guaranteed Life Test, View 2
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Figure 15, 25-Pound-Thrust 0AMS TCA DAT Unit 2 Post-MDC to
Guaranteed Life Test, View 3 '
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25-Pound-Thrust OAMS TCA DAT Unit 3 Post— .
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Burst Pressure Test, View 2
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Figure 19. 25—-P£>und—Thrust OAMS TCA DAT Unit 3 Post-MDC te In-Specification
Life and Hot-Fire Burst Pressure Test, View 3
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1HD23-1/28/65-S1B*

25-Pound-Thrust OAMS TCA DAT Unit 2 Impulse-Signal Width Test Installation,

Cell 397, View 1
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PART DISPOSITION
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7 NCXT ASSY PART NO. | 8 NEXT ASSY SCRIAL ® NEXT ASSY NAMK
o 4 [ ELIMiNATED
J
. s O conoEmnED
1O MISSILE SERIAL NO. |11 ENG AGE MODEL NO. |14 SYSTEM
~ €ODE ¢ D HOLD FOR REPAIR
NI BN 1S COMPONENT vy O otror
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16 MAROWAREK FAILURE ANA
gy IX URE AN LVIII.
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4 ) NONE AVAILABLE
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38 RUPLACEMENT SCAIAL NOL

orR
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YA/
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€ T ELEC-MECH. CHECK 3 T s LAUNGCH e el — ~
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FAILURE ANALYSIS REPORT=~

A DVISION OF NOATH AMCZRICAN AVIATION ING, l’ . /\NALYST F:LL OUT COVER SHE:T ONLY
OFR IDENTIFICATION
. & no. OFR #Y \ ] a LOCATION FAILURE DATE
| 1266G5R R. Cole 526308 NACA . 11-14-64 -
“]T IDENTIFICATION _ . .
PART RO, _ SEAIAL NO. TAKT NAME A Mik RAME
407559 9193579 ] Oxid. Valve Rocketdyns
ENG/AGE MODEL NO. , ENG/AGE SEAIAL NO. 1EST/OPERATION NO. .
St-7
ANALYSIS BY
NAME DEAT. & GROU? ARALYSIS DATE | APPRGVAL DSN DATE
R. Clark J//&/‘Z 896-335 11-21-64 ') ,,,,30 /‘// J L\g»u-m?\
. % L v A Xe
FA!LU‘\.. ANALYSIS . e ¢ ‘:K_T‘)‘\“-i:-— (j/ﬂ[ FINE ’}
T ANALYSIS AITLIES 1O MORE THAN ONE OFA, INSTAT ALL AP7UCASLE OFL UMBLAS IN THIS STACE ( 1 1q DEC y —
‘ N ~ ' REL[A hn i ?4 E:

1. It was reported by the OFR that the subject valve failed to operate during a
DAT oxidizer resistance test. The OFR stated: "Valve inoperative during
" oxidizer resistence test after one and a half days of testing. Suspect rubber
co..tamination in valve froa the facility test set-up.” . -t

2. The valve was sent to D/‘5°o—149 Labvoratory for failure analysis which consisted
" of tre x'ollouing functional tests nth no inlet pressure:

a.A The pull-in curient was checked and was found to be «15 AMPS.

b. The &rop-out curreat was checked and was found to 'be .046 A}iPS Coe v P

¢e. The energize tize was checked and vas found to be .OOSS S:.C with an applied
current of 37 A¥XPS. - - . . . S

d. The de-energi..e tize was checked and found to be .0014 SEC with the valvo
de-energized froa .72 AXPS, .

The above functional tests indicated that the valve was opérating withian

specification. A trip was then cade to the test site to exanmine the test saet-up

to deternine if the failure could have been due to a teet facility problen. The

following information was obtaineds - ) . }

a. Tte electrical cable which connccted the valve to the povwer supply was found
to be cdamaged. The insulation was burned off in sevoral places which- caused
a direct short when power was applied. :

b. A fire had occurred in the chamdber which burned the cable. ..

C¢e The fire was caused by leaking 13‘1‘0.

d. Tno N7T0 leakago was cau.sed by the use of a rubder "0" Ring in the test.
set-up filter connection, which was accidently installed. A toflon "O0" -

Ring should have been ueed.

n_1cnia_o
DSl 9710 5 Bt Bt

le HISTORY 2. AKALYISIS 3. CONCLUSIONS 4. CORRECTIVE ACTION
© STATE 1TEM NUMSER AND DESCRISE o USE EXTRA SHEETS IF NECESSARY .
o3E SPECIFIC IN CORRiChVi ACTION STATEMENT ANO STAIE E.FHCNYIIY DATE AND/OR ENGINE SERIAL NUMBER WHERE AP 8 A ’
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. malfunciion.

" actually fail.

The valve was sent to the N & P lab for flushing. The effluent was
analyzed to determine if corrosion processes had startcd inside the

valve. The anralysis indicated

valve was returncd to the DAT unit,

be given a coaplete functional
teat, it will be re-started in

The test valve
electrical cablees '

Yo correciive action on the valve is re :
The use of an improper "0" Ring which resulted in

snd fire has been discontirued.

further problecs of this typee -

. _ FAILURE ANALYSIS

OFR No. 12895R
14 Novombor 1964
Pagoe-2 '

« -

that corrosion had not started. The
It was recommended that the valve y
test. If the valve passes the functional

th@ oxidizer resistancp test.

"It is concludeé that the reportcd failure was actually a test facility '
did not actuate because of the faulty. :

quired as the valve did ﬁot -
leakage .-

"~ A1l "C" Rings were checked to-insure no

:3/. 51-5}70/

g
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PART IDENTIFICATION

PART DISPOSITION ' PART REPLACEMENT

1 PART NO

20&8/50

2 PART NAME

30

O0AMS

3 SERIAL NO.

4 MFG. NAME s ""”* .

REF,

t O reraireo 1w mace

[+19 11- %

2 O neraimzo RE-INSTALARD

' O tocnnicaL iTEn

4058233

POCKETDYHNE d;é- oZ.

7 NEXT ASSY PART NO.

NONE

3 O aosusTeo

2 T svestiturg rany

8 NEXT ASSY SCRIAL

Novs

® NEXT ASSY NAME

NONE

'O MISSILE SERIAL NO.

1t ENG AGE MOODEL NO.

14 SYSTEN
cooe

4 O cLimiNaTRD
s D conptmunto

.

G wong

S&E-7

¢ O HoLD rOR REPAIR

NONE AVAILAPLE

'3 REJ. TAG NO.

19 COMPONENY
13 ENG AGE SERIAL NO. coox

? O otroT REPAIR

37 RLPLACLMENRT PART %O,

16 MARODWARE
cooc

. FAILURE ANALYSIS

® O ustoase

I8 ARLPLACEMENT SLRIAL PO

FAILURE/OPERATION DATA

17"

19 TESY, OPLR NO.

957/ 090

AILURE DATE 18 TEST OPER DAVI}‘

o {3 [2F 42

RAY

20 1TEmg

/

PROCIDURE—SP[C & PARAGRAP

=2 /37

ﬁ:

214

2oLV D ~ £2/
|22 rs 23 FAIL TYPE |26 FAIL. CODE [27 SECONDS |28 STARTS
T //S8 /746
sv 29 MONTHS [30 INITIAL REPORT NO | 31 ]
% e NONE
33

P2 OPERATION REPORTED OR IN PROGRESS

A D comp assy vesy H T MAINTENANCE

bo Lé-o”"l/QD

34 TIMEK PERIOD

'AI o P Y, ¥ YO,
Lo AZ(N e@g

40
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REPORTED BY
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-. 4
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952

ANALYSIS ASSIGNED TO

{ACCEPT ROD/ dl NAM 4%CEoL» 30CC0C [ 'A.'—‘.(Q
B O FINAL ENG. ASSY. t T tEax aruncrion STATIC TEST ONLY) /TPSD wlj l'% % q' A 2 { ves = o
€ 3 tLEC.-MECH. CHECK 4 [ s . Launcu \ O PreTesT
O [ ACCEPT. RAD TEST X T MISSILE ACCEPT, DATE REPORT ’51 DA TE E orr |*?
€ G storace L D sTaT miss vesy ’%7“‘_ RECEIVED e we  eee ) CsTRIBUTED | | ve  oev
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r O smireing M o PROPEL.LOADING ; %4 TCST OPLA MO iss ? AT COOL;38 TAPL COOK
G O RECEIVING INSP, N T reriODIC INSP. 3 C rosT.TESYT 0 EV l 2 r ‘
. 2 e
WHEN® CAULSEY
DESCRIPTION OF FAILURE now M Coustn

HOW MUCH!?

COMMTINTSY

2 DUE

RelIABILITY

_ 3/3:;-?*4 /0-253
5'395 LB, QLM GEMIICL TCA, DAT UNIT N~ 20T ———
Gy FALLED T4 MEST THeE THRIAT. STET577970 A

o SHEL!L TEZMP., 1€‘£.‘QU[ espElr AT 1132 &5 .

Se. LT\ DULING THE ch - /713 MDC. TH&: B

TEST WAL :djvrz/.)w-o UNTT UL TEMPS .-

/eE

Ao HED 20 o i lud INEL

PIENT MEcH.

FArt_
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o
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RELIABILITY ANALYSIS USE ONLY
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coo
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‘1gas velocit,y which would not oxist in the spacecraft., The hot gas rocirculation is scen

I HISTORY 2. ANALYSIS 3. CCNCLUSIONS 4. CORRECTIVE ACUION

> S\
@ STATZ ITEM KUMLIR AND DISCRIGE o USE EXTRA SHECTS IF NECESSARY - \""_Q\

ou& S2ECIFIC IN CORRICTIVE ACTION STATEMENT AND STATE ESFLCTIVITY DATE AND/OR ENGINE SERIAL NUMBER WHERE AP?LICAILE

1. Gemini 25 1b CAYS DAT Unit No. 1 failed %to meet the SCD te.merature requireﬂe—xts at
118 scconds of zccunulated “i*u.ng tine during the CCA-113 mission duty cyclc. The *
temperature recorced wus 50% greater than the allowable maximum of 550°. The test was
continued to 175 scconds of “ccmulat.ed GCA-113 iission duty cycle firing time (15 scec.
weyond SC2 g.;ara....ccc life requirements) with no structural failure, The test was '

concucted in the Tri-lMod test facility. ‘ - ) .
e Analysis of the temperature-time cata showed the out.er shell skin tem ;:eratures to bo
greater throuzhout the mission duty cycle than anticipated from previous RED tests,

The LD data was odtained from tests conducted in the large altitude simulator.

Poci-lest x-ray analysis showed the condition of the TCA to be like R&D chambers similarly
tested, S;cu-o.....g of the TCA showed it to be charred through. It was thought that the
secirculation of exhaust gases in the smaller altitude can (T ri—-}fod) could account for
the differcnce in temperature. To detormine the oxtent of artificizl skin heating during
mission Cuiy cycle tesiing as a result of hot gas recirculation in the Tri-lod i‘acility,
a cor.‘ rolled test scries was conducted using a 25 lb OAMS slave charmber. The test series
& ol botnh 1limited steady state and phl..;c testing at a simulated altitude of .
170,000 fecet and local ambient temperature. iJour (L) strips of 0.375 inch square, 0,10
irech thick plastic packing mzterial were suspended from cach corner of the thrust
mcasuring syrsten ..ousi:‘.s; with 4.5 inches of fibr:. clnss string. MNotion pictures takea
curing t.e..ul showed the four stnps to fluctuate considerably during pulse veating
.‘r.d to stand o..t at an amle of 45 degreces during steacdy &tate firing. A velocity
ilculation was made on the basis of the steady state results and the velocity required
Lo C.oplnCQ the plastic strips L5 degrees at 170,000 feet was seen to be on the order

\

- b-‘

N e c &
; T I IE T DTN LR FAILURE ANALYSIS Reponf{\\
7. A ORI, M CP RONYM AMEMICAN AVIATION, ING
- age 1 of * ANALYST FILL OUT COVER SHEZT ONL
OFfR IDENTIFICATION  FoCe + of 3 , [ : Y
Ok NO, QFfR &Y - LOCATION . FAILVAE DAlE
- J e i\ G. 89 ~3 8
129172 | e LEE . 800388 CTL-ITI | 10-15-61
PART IDINTIFICATION
FART NO. . ) SCRIAL NO. PART NAME MER, RAME
208160-561 2,058233 Thrust Chamber Assy| Rocketdyne
ING/AGE MODEL NO. : ENG/AGE SERIAL NO, . TEST/OPLRATION NO, . .
557 None : 957-090
ANALYS!S BY ) men D V. D
NAMZ i oLPl. & GROUP ANALYSIS DATE | AYPROVAL DN OAT
A7 J. . Shetngord o 77 “ 896=335 10-20-6/; iﬁ(’ #t:'\,/ \
. . w0 ?-'-8/6% 1 ‘i_
| FAILURS ANALYSIS | LW ffCEl\EU
IF ANALYSIS Af20icS TO MOARE THAN ONE OFR, INSERT ALL APPLICANME OFR NUMGEAS IN THIS SPACE: . f ‘- & "-‘ “
) L e . &\ r,, }
\S -‘o.o.\\l

Of 700 uup.\\. . *

3. Conclusiors -'."i‘he .inability of the TCA to moet the SCD temperature requirements is
attriouted to artificial skin heating resulting from hot exhaust gas recirculation.

The motion piciures clearly pointed out the existence of a considerable environmental

Lo be a result of incomplete pick up of the TCA exhaust gases from the Tri-od test
wusing. The TCA would have satisfactorily comploted the mission duty cycle within the
venperal vure requiresonts had the hot gas rcci.rculation not occurrcd.
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OFR 12917R
Page 2 of 3

b In order to eliminate artificial TCA skin heating in the Tri-Mod fac . )
,::31 s_lhécld has been fabricated for all TCA contiguragions with next parti%i:{;daeﬁ%::i:i:y

fne saield, fabricated of .020 stainless steel sheet, will bo attached to the TCA flange - ’

ihrouzsh a formica base plate such that the test environment will more closacly simulate

that which the TCA would see during Gemini spacecraft oporation.—{Seo Figure 1) &

._ .. . ' . o L N o : R .
C : FAILURE ANALYSIS | . ..
AZTITTD REJECTED I
R &ﬁ'(wfn- 72,0 4 lupafeg| .
DRI 7 R |
. * . RELIABILITY DEPT. 261 . . 4‘;.‘: '
McDONNELL AIRCRAFT CORP, '
. ) , . e . . ..' ' l
A Pcsse PROVIDE T emd—T1mE DATA CURVES Fore THIS -
TEST VS. THE TEMPR ~TImE DATA CURvES EVALUATED - l
| FROMN THE R LD TESTING IN AN AmMENDMENT To - -
L THIS FAR, ' e e . l
N * ) . . ;'T' . - . b -:
! . - ) : . .
tea . . L4 . : ‘ . . . . .

*
L4
L 3
-
3
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. .
® ~Amendment No 1l ] r . -
nmemrmrme oo ) ¥ FAILUT Y ANALYSIS REPORT
A DIVILION OF ROGWTR AKTUICAN AVIATION, ING, » tvrces mer .
e e [~ iNALYSY BLL CUT COVER shzi omiy
\..‘. 1PN NN SO N !
1. D, e ey fanecer ) '9,) 324 LOCJJ.'C:N . FAILVAE DATE
RS NAVE Ol % O Chp TI=TTT 1.0-35-6/

PRt BTN n---c .-cc\o

& e Sevy [ R AN NN '’ Ve s

HEVMCEEY } SZAIAL NOW 2201 RAME M7d, HAME

H el ey | 1058233 Tasmint Ghoshan igas Poackatdvna

Y inS/AGE 1SS NO. ENG/AGE SIAIAL NO, T5T/02EATION 1O,

t -7 None 957620

ANSLEIS LY . ) :

HET XTI /5 0irl, & GAOUP ANALYIIS DATE A??AG ~ OiN DATE

l WS, M. Steinrold 896335 1-22-45 '—'M U l,L__.

\ ' \jes/e .
Iv-:‘— avtarusae I b b—-‘
LURZ ANALYSS P it
i AALYSIS APPLILS TO MOAZE THAN ONE OF R, INSERT ALL APPLICALLE OFA NUMBEAS 1K TrilS SPACT » ,?\/ . -
%

o HiSTGRY 2. ANALYSIS 3. CONCLUSIONS 4, CORRECTIVE ACTION it %o
o STATE ITEM NUMIIR ma DdCZIoE o USE EXTRA smas IF NECESSARY ol wiee

. Para. l, 3, a..;xd L - No change,

P2ra, 2 - In answer to quostlons raiscd concerning this F/R, Para, 2" is amended
to read as Jollowsy : : .

. \ : - A Y
"inalysis of the tempcratu*e-—t;:r.c cata showecé the cuter shcll skin
vemperatures to be greater than antiecipated from previous RED tests - ° .
(see Figures Y and 2), The 24D cdaic wes odizined from tesis .CON~

o d

ucted in the large altitude simmulator, Fisure 2 2lso indicates a

more rapid rate ol temperature increase with time curing the re-catry
port“o-\ of the mission duty cyclc (the rost scvere portion of the test)w,

. Post-test X3y a.':ah/sis showed the condition of the TCA to be like
D chawbers similarly tested. Scctioning of the TCA showed it to be

charred through. It was theouchit ithot the recirculoiion of exhaust

£oses in the .a...aller altitucée can (7 1—.~.od) could account for the

! Gifferenco in temperature, To cetermine 4hic oxtent of artificial

' skin heating durin: “‘:zsion duty crele 4festinz as a result of hot gas

!

t

!

1

. recireuletion in the Uri-iled facilivy, ¢ contiolled test series was

: conducted using a 25 1lb 0AMS slave chamdber., The tesi series consisted

of both limited sicady state and pulse zesting a2t a simulated altitude

of 170,000 fecet and local axbient temperaturc. Four (4) strips of

0.375 inch scuare, 0.10 inch thick plast*c packing materizl were sus- Tt
sended frea eacn coraer ol the thrust measuring system housing with

h 5 inches of fiberglass strins. Moticn pictures iaken during vesting
snowed the ,.ou. strins %o fl\.cuu:.t.e cons .c.crabg during pulse testing
and Lo stand out at an angle of L5 degrecs curing steady state firing.
A volocity calculation was made on the basis of the sieady state rosults
and the velocity recouired to displace the plastic strips 45 degrees at
.170, COO feet was scen to bs on the order of 700 mph. '
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r Oporaiion and Failure Report PART CHANGE Gl | TL \o 1292435
N ROCKETDVYNR @raseo Oyme 0o | L 74| L : l
X1 -
Y\ o~
'.'? PART IDENTIFICATION PART DISPOSITION ' PART REPLACEMENT
e
Y N 1 PARTY NO 2 PARTY NAME (Y} e
&\;‘ /)ﬂ/(_,c "'(‘5/ 7//’/‘:{/;7‘ C./"/'n?r"”:f,? ' O REPAIRED IN PLACE
1 : um“ NO. 4 mra. Nauc ® coe ¢ oEsia, 2 O RCPAIRED & AL-INSTALLED ' O ipenmicaL ivem
s FOTZ T /'/‘——TD)’/{/:- O 3 O AocsuerEo 2 0 SUBSTITUTE PART
A\ ¥ T NEXT A4SY PART NO. .' NEXT ASSY SERIAL ® NEXT ASSY NAME - o CUIMINATED
L WONE | pori= /e O o * 0 none
- 10 MISSILE BERIAL NO, 1t ENG/AGE MODEL NO, ('4 :g‘;‘ctﬂ 4 () NONEZ AVAILABLE
S CE _7’ 18 COMPONENT ¢ O noLo roa azrain 37 REPLACEMENT PART NO.
W
Q‘ 12 RED, TAG NO. 13 ENG/AGE BERIAL NO, cooe ? O ocrov nerain .
\3 '® CoogTAnE 8 @ raiLuRL ANALYSIS 38 REPLACEMENT SERIAL NO.
w, ® O ustoasis
\ FAILURS/OPERATION DATA 3% PAIED FART wenT Yo :
] rzg_.uac DATE ‘ 18 YEST/OPCR. DATE| 19 TEST/OPER. NO. 20 1TEMS <o =
) I'd
B0 ] cidndS e [ot) 252-00%0 {7 :
21 PROCEDURE—SPEC. & ruucnury
|_20 25/0 = 4oy 7223/ REPORTED BY
s 23 FAIL. TYPE |26 FAIL. CODK |27 SKCONDS |28 STARTS o
: ) 42 NAM 43 GROuUP 44 SUPPLEMENT
| 3 . ﬁ; ?’t‘ " SHEET
‘ <>$ sv 20 MONTHS |30 INITIAL REPORT NO.| 31 L ('ok/ 36T ' O ¥es 2 X7 no
c>§ T a8 75!.0»1;;( By 7 48 ACTIVITY 47 STANO/AREA
<o - 33 AT e N

- -

~

A A comur/assy vesv

32 OPERATION REFORTED OR IN PROGALSS

8 ) MAINTENANCE

v

34 TIME PERIOD

ANALYSIS ASSIGNZD 70

8 [J FINAL ENG. ASSY, t O Leax a runcTiON .':f,rc'tc';‘"{.::glnu’ x}‘;}?(&,p-;—‘ ‘K 49 GROUP) 5occ;t?)¢__v g:::toai:; i
€3 ELEC-MECH. CHECK.. .2 O siM.LAUNCH = ‘—U:r;;:t:t el d
D O ACCEPT/RaD TEST X O MissiLE ACCEPT. A DATE REPORT 32 iDATE REPORT |
£ O sTORAGE & O STAT. M188. THSTY 2 R Toer RECEIV {ve. 0. DAy k‘?'sT?l_B;JZ_E.P_ e, »0. DAY
r O sirring M O rProPeEL LDADING o o Y ryry—— vy ‘——' 7 NTH CODLSE TAPE Cone
G [ RECEIVING INSP, N O remicDIC INSP, 3 O rosT-veST USE r
- ONLY s6
WHEN? CAUSE® .
DESCRIPTION OF FAILURE R nUE R:".E:‘-.I::%.
e o -1 3/935-3%4 . J
l0DURING |5 °F PULSTNE THE DITH TADT I35

ATED THRT Tﬂf Nre 7da VALYE J1ncek &

71 TEST/OPER. NO, 77

7.5.7.0«20

./@éfn

€3 ©3 D em

o QR e

70 78
- B
" 3s
k) . 70 78
C
s
3 70 7a
. D
' as
e * * * 70 78
E
‘ 34
36 mer, or 42 REF.OFR 48 REF.OFR B84 PAILED DETAIL PART NO. 70 s
-y . —
32 40755

RELIABILITY ANALYSIS USE ONLY

1 IDENTIFICATION TEST TYPEC|10O GROUP RLSP, 18 PA.CODE |EF[APICFIFCI24 LEAK [CONTAM, [30 PROP.SYRTRM 35 .
coox :
i
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gl R SIS IS ID W INIIE

A DIVIGION OF NORTIH AMENICAN AVIATION, INC.
: «A R SHEET ON
o IDENTIFIGATION | NALYST FILL OUT COVER SHEET ONLY |
OFR NO. OFR 8Y
3 R, Cole 896- 88 LOCATION FAILURE DATE
X 1292)R RAME nm.B& GROUP CTL-ITI 1-16-65
PART IDENTIFICATION " '™ | | .
l IART KO, SEXKIAL NO. PART NAME MFR. NAME
107559 s 10511160 ‘0+id. Solenoid Valve Rocketdyme .
ENG/AGE MODEL NO, i ENG/AGE SERIAL NO, TEST/QPERATION NO.
S5-7 DAT 208160-61 1058232 207510=L01 - . para. 7.2.3.1
. ANALYSIS BY o
NAME - Jiu-| OEPT. & GROVP ANALYSIS OATE | APPROV. - OSN DATE
l d R. McClintock [ ’ 896-39L 1-28-65 . ;dﬁﬁ(ufq" 2
‘ e = ; . ! - . .

! O

&3

- % .ot
(Y3 . - -

FAILURE ANALYSIS REPORT

. FAILURE ANALYSIS

IF ANALYSIS APPLIES TO MORE THAN ONE OFA, INSERT ALL APPLICABLE OFR RUMBERS IN THIS SPACE ’ ]

b HISTORY 2. ANALYSIS 3. CONCLUSIONS 4, CORRECTIVE ACTION
o STATE ITEM NUMBER AND DESCRIBE e USE EXTRA SHEETS IF NECESSARY

.. l. History -

The NIO TCA valve was reportedly stuck closed aduring a 1S°F pulsing teste
_ The low temperature environmental conditions were ¢hanged 3 times in ore
" der to improve the environmental atmosphore. T'he first system was com=
posed of a salt brine solution leak line which was wrapped in aluminum
foil and drained into a burlap wrapped propellant line to tha top of the
injector. Thermocouples were attached externally to the N10 valve inlet.
and to the top center of the injector. Cooling in this method created
dry spots which were noted to have considerably lower temperatures than
the wet solution areas. To remedy the dry spot problem, the area be-

- water system but was found to be of little value so the paraffin was re-
moved. The second system was an alcohol=water ‘solution using the same:
.test setup. A thermocouple was added to the NIO valve seat. Both the
first and second systems were considered inadequate in that it was ex-
tremely aifficult to control the temperatures. A third system was tried
in which an environmental chamber was placed around the inlet lines and
down over the TCA to the throat area. A purge line was plumbed into the
chamber and venteéd a mixture of GNy and LN vapor at low pressure. This
‘system exhibited very steady temperature conditions, but the DAT TCA was
not tested under this latter system. :

! 2. Analysis

the NLO flow would taper off in successive pulses to no flowe.
An R &'D TCA was used in runs #23 through #31 which oxhibited the sane

results as the DAT TCA tests. Those vorification tests indicated that a
problem existed within the facility rather than thoe TCA N0 valve.

-15010-2

o3E SPECIFIC IN CORRECTIVE ACTION S’ATEMENT AND STAIE EFFECTIVITY DATE AND/OR ENGINE SERAL NUMIER WHERE NPUCAN.I-:

.

.
.

.

tween the injector and the valve was potted with paraffin for the alcohols ,

..

The tests (runs #20 through #31) were revicwed to study the problem afea.
It was observed that usually the first 2 or*3 pulses were normal and then

R 3

o & .
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An investigation of the facility revealed a strong probability that the

" NTO propellant was freezing. These arcas werei (1) loss of NTO flow

on the oscillographs, (2) difficulty in controlling the environmental
temperature, and (3) the standardization for temperature calibration was

». found off l degrees. (NIO freezes at 11,84CF).

The TCA was placed in an environmental chamber and temperature was lowe

ered and stabilized at 18%F. The NIO propellant valve was pressurized to

360 psig GNye Tho valve was actuated 3 times each with 26, 30 and 22

volts with no indication of malfunctioning. An additional 10 cycles were

completed with the same results. The NTO valve waa checked:for leakage
and found satisfactory (€0.1 sco Helium/min). : .

]
3. Conclusions

A | _ E .
The NTO propellant froze as a result of poorly controlled environmental
temperature and.thus NTO flow ceaseds - '

Le Corrective Action

Ra-calibrate the t;empore;t.ux:e recording system and use the third system -

outlined i.n'_the 1, History to-test the DAT ICA,

Above corrective action was implemented and the "Yow tem )
perature impulse
signal width test® was successfully completed on 29-30 January 1965}.)

-
o we,
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ACCEPRTED {I=SoTiis

3-

OACT 2o e RIS

- ;'5’_ / (GDoeye— g/}aﬂsﬂ

: RELIABILITY DEPT. 261
" MCCONNELL A[RCRAFT CORP.

74" _ R-15019-2

L

O

Se@ s wm tmtcmenw e - m

.
@ as et mwm e .- e

R trai a3 34 L 2R 08 KR 1T

E3 B3

. . .

0
B
i

g



.-F'

S AN

<
alpleh & /.1'7‘

&

vy

J A
‘li,

.

3 K3

'ern.uat

O orraation

oy -]
Oncration and Failure Report PARY CHANGE —e PRNE <7< INe 12954R
ROCKETDTYNE Xy Opme, Oro f= SE-7 7 /Il '

PART IDENTIFICATION
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PART REPLACEMENT

¥ PARY NO

aczit0 =6l

-
2 PARTY NAML

RELF 7l ~TIS

t ] ]
Y O REPAIRED IN PLACE

3 SLCRIAL NO

s 75213

3 MFR.
4 MFG. NAME coont

N CAETDYMASH LA

wEr.
oesia,

2 0O mEPAIRED & RE-INSTALLED
3 O avsusteD

7 NEXT ASSY PART NO.

AL

. NEXT ASSY SERIAL

AL

® NE!T ASSY NAM

LS

4 O KLUMINATED

10 MISSILE STRIAL NO.

14 SYSTEM

1" NG/AGE MOD! 3
ENG/AGE L NO CODE

s O conpDeMneD
¢ 0 HOLD FOR REPAIR

SE =7

12 REJ. TAG NO.

13 ENG/AGE SERIAL NO.

18 COMPONEINTY
cooc

7 O ofrOT REPAIR

€Ot

16 HARDWARE

uX FAILURE ANALYSIS

® J usto As s

FAILURE/OPERATION DATA

30
s O IDENTICAL ITEN

2 0 sSUBSSTITUTE PART )
3 O nong

NONE AVAILABLE
37 REPLACEMENT PART NO.

38 ARTPLACEMENT SCRIAL NO.

39 FAILED PART SENTY TO:

A O comm/assy TesY

32 OPERATION REFORTED OR IN PROGRESS

17 FAILURE DA'lt '8 TEST OPLR. DATE|t® TEST OPER, NO. 20 1TEms 3 o
-~

Z"fur// oaf. i--- ¢ pnl/ DAB C7”-7/ C/ - i ( ;

2t PROCLOURD-  SPLC. & PARAGRAPH et Lo —
o2 /D~ 1O/ Z3.2 REPORTED BY

. 23 FaiL TYrefze FarL cooe [27 scconos [2s starts PR P —— e corricmene
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M O MAINTENANCE

34 TIMC FPCRIOD

ANALYSIS ASSIGNED TO
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C. B. T. Dvﬁmc., THE @cA=113 MRZ B B
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N LD O I TR IO I TRU S 'GP FAILURE ANALYSIS REPORT
[ A DIVIBION OF NORTH AMEAICAMN AVIATION, ING. - . [ « ANALYST FILL OUT COVER SHEET ONLY j
OFR IDENTIFICATION Amendnent #1 -
OFK NO, OR W 3 Ganger 896-388 LOCATION FAILURE DATE
, 12954R o S CTL-III 11-13-64
L4 ,
" PART IDENTIFICATION :
PART NO, SERIAL NO. TART HAME MFR. RAMS
208160-61 L057532 Thrust Chamber Assy®l - Rocketdyne
ENG/AGE MODEL RO, ENG/AGE SERIAL NO. TEST/OPERATION NO. ,
SE~7 957-126
ANALYSIS BY Y\ T
NAME OEMT. & GROUP ANALYSIS DATE APPROVALS 7 W\ V' DSN BAYTE
J. N. Sheingold W 896-335 17 2364 \P9ta

ILURE ANALYSIS
ANALYSIS APPLIES TO MORE THAN ONE OFR, INSEAT ALL APPLICABLE OFR NUMBERS IN THIS SPACES

b HISTORY 2. ANALYSIS 3. CONCLUSIONS 4. COXRECTIVE ACTION
¢ STATE ITEM NUMBER AND DESCRIBE o USE EXTRA SHEETS IF NECESSARY
oBE SPECIFIC IN CORAECTIVE ACTION STATEMENT AND STATE EFFECUIVITY DATE AND/OR ENGINE SERIAL NUMBER WHERE APPLICAMLE.

1. Gemini 25 1b OAMS DAT Unit No. 3 failed to meet the SCD temperature requirements
after 118 seconds of accumulated OCA-~113 mission duty cycle firing time. The tempera-
ture recorded was 100°F greater then the allowable maximum of 550°F, The mission duty -
cycle test was followed by a burst pressure test with no structural failure of the TCA.

Testing was conducted in the Tri-Mod test facility utilizing-a heat shield as shown in
Figure 1, . '

, . : :

" | 2¢ Analysis of the temperature-time data showed the outer shell skin temperature to be
" | greater throughout the mission duty cycle than anticipated from previous R&D and DAT

component testing. The temperature recorded was also in excess of that obtained in

¥ testing OAMS DAT Unit No. 1 in the Tri-Mod facility with no heat shield (Figure 2).

The failure of DAT Unit No. 1 reported under OFR 12917R was seen in analysis to be a
direct result of artificial TCA skin heating caused by recirculating hot TCA exhaust
gases, The corrective action recommended was to install a heat shield which would en-
close the thrust chamber, It was decided, however, to install a more permanent shield
which would lend itself readily to all TCA configurations. No R&D tests were conducted
prior to the subject DAT test for purposes of heat shield checkout, however, two strips
of plastic packing material were suspendéd from the thrust measuring system in a similar
fashion to that described in OFR 12917R except that the strips were larger for this test,

alysis of the motion pictures taken during the test showed these plastic strips to
fluctuate during TCA pulsing., A comparison of these fluctuations with those referenced
.in COFR 12917R indicated that the displacements in both cases were of very nearly the
same magnitude, However, since the mass of the strips was greater for the DAT Unit No.
3 test, it would require an equal or greater gas velocity to displace the strips by the
amount noted, Also, the TCA exit was approximately 1.5 inches above the heat shield
cone entrance possibly precipitating some exhaust "spili-over" caused by gas expansion
at the TCA nozzle exit. - :
3. The inability of the TCA to mect the SCD temperature requirements is attributed to
artificial skin heating rosulting from the inability of the facility heat shield to _
prevent the hot TCA oxhaust gases from recirculating, The motion pictures clearly
showed .the exisience of a considerable environs n.al gas velocity 'thich wwuld not exist

( 76 R-15019.-2
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/ [} & i it e PARY CHANGQE H
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PART IDE NT!rICAT!ON PART DISPOSITION | PART REPLACEMENT
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2, Analysis
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Fodid ¢ A2 -ve 4

valve was ,0036 séc.

«002 sec maximum,

The DAT program, however, was
currence of MAC,

IF ANALYRIS APPLIES TO MORE THAN ONE OFR, INSERT ALL APPLICABLE OFR NUMBERS IN THIS SFACES o :‘
' ; \a "*r%
NED LA .-
b HISTOAY 2. ANALYSIS 3. CONCLUSIONS 4. CORRECTIVE ACTION Y jjTW ‘
o STATE ITEM NUMBER AND DESCRIBE o USE EXTRA SHEETS IF Nscsssur I
#36 SPECIFIC IN CORRECTIVE ACTION STATEMENT AND STATE BFFECTIVITY OATE AND/OR ENGING SENAL Numn wum APPUCANLS, ECRE I
l.' Histo! ! : ; . LAY

" Per the OFR, the 25# OAlS Gemini TCA DAT Unit No, 2, failed 'che first 50 ms pulae

‘durdng & facility checkout series when the oxidizer propellant valve (P/N 407559-

. 8/ 4054460) opened approximately 15 ms late,
" the remaining 4 tests of the series,

Following the reported malfunction an additional 180 cycles of valve operation
were poerformed for impulse signal width tests, -

ation were perfomed during the Mission Duty Cyole test of 160 seconds duration.

Tho TCA was removed from the facility for timing tests of the propellant valves, .-
Energize time tests were porformed on both valves per RAO220-35l, para, L.6. The
energlize time for the oxidizer valve was ,00L5 sec; energize time for the fusl
Spec, allowable is ,0065 ses maximum, Closing time was _
+0015 sec for the oxidizer valve, .OOU, for the fuel valve. Spec. allowable is *
The leakage test por RAO 220354 para, 4.8 was porformed on °
both valves and the leaka.ge was less than 0.1 sco He/min,

Further failure analysis at this time would have required disassembly of tﬁe valves
directed to continue with the TCA "as is" with cone

A review of all oi‘ the test records for this TCA rovealed that thore were other
occurrences of the valve havi.ng a delayed opening on the first pulse of a test

Examination of the test rocords for the firut pulse rovealed a 10 ms ddlay in NTO
flow and the san amount of tii.o dalay in priming tha NTO feed system, .The NTO -
propallant valva cuccaab teaco axhil.lod an wnuauat

< T A S ol L Oy . - far ¢ b

Also, 2560 cycles of vaive operw

dlp ‘luring the opuning cycle,

The valve opened satisfactorily on o
‘This facility checkout series was in prep-
-aration for signal width and pulae repeat.ability at high temperaturas (160°F)
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"2+ fpnnlysis (conttd)

The TCA was received at the completion
valves vere romoved angd disassendbled,

of the DAT program and the propellant

Both prbpellant valve socats exhibited a considerabdle longtﬂ (.020) of téflon

RN R flashing over the carrier towarda the outlet due to the peening action of the
i balle T e '

- St @

Upon disassembly of the NTO valve, a residue was observe:
diametor and the bobbin inside dismeter,
valve inlet tube area adjacent to the filter,

) .
| " _Thore was a considerable amount of contaminant on the upstream side of tho fuol w
valve seat. The contaminant was analyzed to the following percentages: 41% Fo,
13% Cr, 1T% Ni, 19% 51, 3.4% AL, 3.0% Ag, 1.9% Mn, 0.45% Mg, 0.55% Ca, and 0.29% ‘
Cu. The Fe, Cr, and Ni could be interproeted as stainless steel and the N4, S4,
. and Al are indicative of dirt. The particles ranged in size from .002 to 0.004 °
: inches, A ) .o .. :

on the armature outside - *.

There was slight rust corrosion on the

appcarod as a whitish crystalline substance was

The residue from the bobbin which

analyzed and revealed the

following

percentages:t 31% Fe, T4 Cr, l.6% N1, 19% Si, 0.7% Mn, 0.21% Mg, 0.07T% B, 0.55% Al,
0.29% Mo, 0.11% Cu, 0.016% Ag, .088% Ti,.and 0.26% Ca.

The analysis again shows a -
strong trace of stainless steel and dirt. There was an insuffioient quantity for
 further analysis. | . - .

'*ilr ) ) -
L]

It 18 noted that these contaminanta were found

The TCA romained in the DAT program and the
mately 2740 cycles subsequent to the reporte

at the conclusion of the DAT pro- ™
gram and can only be assumed as possibly present during the DAT program, B
' . -
. 3. Conclusion '

u | .
propellant valves were actuated approxie. .

d failure,

Therefore, it can only be

betwoen the armature and the bobbin.
rermit the residue to readily disper
successive cycles. The residue was

cleaning of the propellant valves af

concluded that the possible cause of the NTO valve failure was the residue buildup

Once the poppet has shuttled, this would
8e upon liquid contact, thus not hindering
probably the result of improper or inadequate
ter previous use with propellants. Because

the NTO system was reportedly poorly primed,
the liquid propellant contacting and dispersi

1t would remove the possibility of
ng or disolving the residue

prior to

the first actuation of the NTO valve and thus allowing normal operation, -

Corrective Action

The decontamination procedure for the Thrust Chamber Assembly Desiga Approval

Tosting was revised and released on Feb, 26, 1965, However, the #2 OAMS TCA for
DAT testing had completed its tost program by this date and, therefore, the new |
procedure was utilized for the Spacecraft 6 and subs DAT progran, . '
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